ABSTRACT
INTRODUCTION
Rice is the most important food crop in Sri Lanka contributing to more than 40% of daily calorie requirement. There is a wide variation in DF among Asian origin rice which is distributed in a range of agro-ecological zones in the region (Lu and Chang 1980) . DF had affected the ecological adaptation of rice (Izawa, 2007) . Sri Lankan traditional rice germplasm which is conserved at PGRC, Sri Lanka, consists of around 2000 accessions. Sri Lankan traditional rice germplasm is relatively a large genetic resource in a geographically small island of Sri Lanka. There is a genetic diversity among accessions as they exhibit a wide variation in morphology and DF. Reasonable information on genetic and molecular mechanism of DF in rice is available (Yano and Izawa, 2005) .
However, Sri Lankan rice germplasm has rarely been used in flowering time studies except for the work by Chandrarathna (1964) mainly.
Increased and stable rice production is required for increasing population during the era of climate change. New adaptation strategies are needed to develop new varieties to meet these challenges. The genetic potential of Sri Lankan traditional rice has not been completely characterized and exploited for its potential contribution in breeding for yield increment. DF in rice is controlled by both genetic factors and environmental signals. Photoperiod and temperature are the two main environmental signals that determine the flowering time in rice (Songet al, 2012) . Molecular basis for DF had been explained through many quantitative trait loci (QTLs): Hd1 (Yano et al, 2000) , Hd3a (Kojima et al, 2002) , Ehd1 (Doiet al, 2004) , Ghd7 (Xueet al, 2008) , RFT1 (Komiya et al, 2002) . Matsuzakiet al, (2015) have demonstrated that the circadian clock is a regulatory network of multiple genes that retains accurate physical time of day by integrating the perturbations on individual genes under fluctuating environments in the field.
It is evident that different temperatures (of low country and hill country) in different ecological regions in Sri Lanka affect DF of rice. Effect of temperature at different phases of rice growth has not been completely studied. Among the known flowering time genes of rice, Ehd1 and Hd1 together control panicle development (Endo-Higashi and Izawa, 2011) . DTH8, a QTL for DF is located on chromosome 8, also regulate yield potential and plant height (Wei et al, 2010) . However, it is not known how these interact with each other on the crop yield potential. When three Sri Lankan traditional rice genotypes were grown under long day (LD), day neutral (DN) and short day (SD) photoperiods, days to flowering were increased under LD while there was an inverse relationship between enhanced vegetative growth and yield (Geekiyanage, 2012) . The above traditional rice genotypes may represent the general response of Sri Lankan traditional rice germplasm on relationship between DF and, vegetative growth and yield. To test the relationship between DF and, vegetative growth and yield components of a Sri Lankan traditional rice in which several accessions are listed for one variety at PGRC, we selected Hondarawala variety which consisted of 15 accessions. As Hondarawala had been identified as suitable for low phosphorus field conditions, it had been exploited in breeding programmes for new improved varieties at IRRI.
In Sri Lanka, the cultivation of traditional rice varieties had largely eliminated from regular farmer field due to introduction of new improved varieties claiming desired plant type and yield. Currently, the maximum yield potential has been achieved in improved rice while there are needs for improvement of the rice quality. Therefore genetic resources of traditional rice must be utilized for further yield increase strategies for both yield and quality enhancement. We used the accessions of same variety Hondarawala with different DF for the experiment. The objectives of the experiment were to analyze the variation of DF, vegetative growth and yield among accessions and relationships between DF and vegetative growth and yield.
MATERIALS AND METHODS

Rice Accessions
Fifteen accessions of Sri Lankan traditional rice variety Hondarawala (Accession numbers: 3906, 6198, 4070, 4071, 3988, 3678, 3850, 3977, 6199, 6690, 6428, 4243, 3521, 3528, 6200) were obtained from Plant Genetic Resources Center (PGRC), Sri Lanka.
Field Experiment
Rice accessions were grown at Rice Research and Development Institute, Batalagoda, Sri Lanka (in IL1 agro ecological zone, latitude 7° 29' 12" N and longitude 80° 21' 53" E with a height above MSL 137m). Average ambient temperature during the cropping season was 30 °C and the soil was Dark brown earth (DBE). Each replicate consisted of 3 m long 3 row-plots with 9 plants: 20 cm x 20 cm within and between rows and 40 cm between plots in a Completely Randomized Design (CRD) with 4 replicates. The experiment was carried out in wet season during north eastern monsoon (Maha), 2012/2013 during which day length varies 11-11.5 hours in Sri Lanka. The seeds were sown in the upland nursery bed in December, 2012 with 15cm spacing in between each accession. Seedlings were transplanted by 21-days. Fertilizer application, pest and disease 44 management and weed control were according to the recommendation by Department of Agriculture, Sri Lanka. The basal dressing of urea, TSP and MOP (as in the ratio of N: P: K) was applied during land preparation. Top dressing of 25, 50 and 50 kg/ac of urea were applied at 2 weeks, 5 weeks and 7 weeks of planting respectively. Manual weeding was done at regular intervals and the competition from weeds was kept minimal. Approximately permanent standing water level of 5 cm was maintained throughout the experiment.
Evaluation of morphological traits
Thirty seven morphological characters; 15 quantitative and 21 qualitative characters and DF were recorded (Table: 01 
Statistical analysis
Data were analyzed using PCA with correlation matrix through SPSS software (version 20), IBM, USA to define the patterns of variation between all explanatory variables. Grouping of variables into PCs was noted and thereby the dimension of the data set reduced. The 14 accessions which flowered during the experimental period of 200 days were clustered using Hierarchical Cluster analysis through SPSS software (version 20); IBM, USA which grouped and sorted the closely related accessions into clusters, using the first four PC scores of varieties. Measure of dissimilarity was the Euclidean distance and the clustering method was Ward's linkage. The number of clusters was determined at the rescaled distance of 5.
.
RESULTS AND DISCUSSION
Variation in DF among Hondarawala accessions
DF and quantitative morphological charactersof vegetative growth and yield components were largely varied among all Hondarawala accessions (Table: 02 and 03). DF among 15 accessions varied from 58-189 day while accession number 3988 did not flower until 200 th day of seed germination. Seeds had been germinated in late January, 2013 which was the end of mild short day season in Sri Lanka under natural field conditions during which the photoperiod changes from short day to long day. As a result, the inductive photoperiod durations may have changed over time. Vegetative growth phase, reproductive phase and ripening phase are the 3 main phases of rice growth (Vergara and Chang, 1985) . In vegetative growth phase, there are 2 sub-phases as basic vegetative phase (BVP) which is the photoperiod insensitive vegetative phase and photoperiod sensitive phase (PSP). BVP is a highly variable time duration which may be genetically controlled (Chandrarathna, 1964) . In Hondarawala accessions DF varied from 58 to 200+ days indicating that juvenile period of BVP is variable among them. Additionally, effect of temperature variation during the period may have played a role in determining the DF.
Duration from panicle initiation (PI) to flowering is also affected by photoperiod (Coolhaas and Wormer, 1953; Best, 1961; Janardhan and Murty, 1967) . Based on results in a rice cultivar, Collinson et al., (1992) found that PI occurred when about 80% of the PSP had elapsed in a rice cultivar. These findings suggest that wide variation of DF among accessions and nonflowering at non-inductive photoperiod must be highly determined by the genetic factors of each accession. Several workers of Yu et al., (1995) , Yoshimura et al. (2001) , Rutger and Mackill (2001) , Rutger and Tai (2005) had reported that genes for hairs on rice leaf and hull are linked: According to Hu et al., (2013) all glabrous leafy rice produced glabrous hulls while hairy leafy rice produced hairy hulls. However, all Hondarawala accessions produced pubescent hulls and glabrous or pubescent leaves irrespective of DF variation indicating a genetic diversity of Hondarawala for leaf and hull pubescence. Further, a variety of pericarp colours and lemma and palea colours was observed indicating the allelic richness among accessions.
There were awns in all seeds only in one accession while others were without awns or partly awned. DF did not have a relationship with the presence of awns (Table:04 ).
Relationship between days to flowering on quantitative morphological characters
The correlation analysis revealed that there were strong significant positive correlations between DF and morphological characters of PH, CL, LL, RL, SW, PHV, LN and CNV while LW and PW were negatively correlated with DF ( (Geekiyanage et al, 2012) . Tehrim et al (2012) had reported that DF of different rice genotypes was positively associated with days to maturity and straw yield per plant while DF negatively associated with seed setting percentage and harvest index.
In an experiment on photoperiodic effect fewer than four combinations of genetic compositions of Hd1 and Ehd1, Hd1 expression in nonfunctional hd1 and ehd1 background under LD increased the DF and tiller number with reduced spikelet number (Endo-Higashi and Izawa, 2011) . Although genetic factors of the accessions have not been revealed, our observation during this experiment supports the above report as DF negatively correlated with total panicle weight. Although Endo-Higashi and Izawa (2011) reports that Ehd1 and Hd1 together suppress number of panicles and number of spikelets under SD with the shortest DF, in Hondarawala accessions, short DF increased the panicle weight (Table: 03) indicating a different genetic control in flowering time.
Principal Component Analysis and Cluster Analysis
First four PCs explained 86.5% of total observed variation. (Table: 06 ). In PCA, most of the morphological characters of vegetative growth (PH, CN, LN, LL, RL and LL) which were affected by DF, included in simultaneous PCs with complex structures. Four PCs were rearranged removing the complex structures. Variation in DF among accessions was clearly exhibited within each cluster.
In the Hierarchical Cluster Analysis, ten clusters were formed at rescale distance of 5 ( Figure: 01). DF varied within each cluster (Table: 03 The Journal of Agricultural Sciences, 2016, vol.11, no1 
